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Soviet Salyut-6

Scientific Space Station:

The First Maoned Phase—
September 1977 - March 1978.

The currently active Soviet Salyut-6 space stativa was Launched oa

29 September 1977 and was placed into the standard 32-degree carth orbit
associated with the Soviet manned space program. 1t s the third successiil
“screntific” Salyvut orbited by the Soviets. and reprosents their most
ambitious manned space endeavur to date. It further demomstrates the
Soviet commitment to men in space. The axpenience grined during the
Salyut-6 mission probably will lead 1o coatinuous manning of spce stations

by msmonaub;-

Thus far, the Szlyut-6 mission can be broken down into three active phases.
The first is defined arbitranly as the pertod from launch in September 1977
through 16 March 1975, when the first manned phase {cempesing
Soyuz-23, Sayuz-26. Sovuz-27. Progress-1. and Sosuz-28) ended. This
phase was followed by an unmanaed. inactive p:ngQ of 91 days. The sevond
active phase of the mission began on 16 June with the docking of Sozuz-29.
and ended with the undocking and subsequent recovery of the Sovuz-29
<rew on 2 November 1978. This phase invoived three manned Soyuz vehicles
and three unmanned Progress automatic resupply vehicles. The third (and
current) active phase began on 26 Februany 1979 when Soyuz-22
cosmonauts Licutenant Colonel Viadimir Lyakhov and Yaleny V. Ryumin
boarded Salvut-6.

The firs. phase of the Soviet Salyut-6 mission imvolved four Sovuz
spacecraft manned by a total of cight cosmoaauts, and one unmanned
Progress automatic resupply spacecraft. 1t set several significant historical

precedents:

* It was the first time two vehicks were docked with a Salyvut space station
to form a three-wehicle complex. '

= It was the first time two crews manned a Salyut simitaneously.

= It was the first use of 2n unmanned rasupply vchicl-:}(_!hc_ Progress- 1|
delivered propellants. life support oquipment and supplicsf !

= I: was the first time Soviet cosmonauts performed extravehic ilar acuvily
(EVA) to accomplish useful tasks.
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Significant Events in First Manned Phase
of Salyut-6 Mission

1977 .

29 September Salyut-6 inserted into orbit.

9 October Soyuz-25, manned by Vladimir Vasilevich Kovalenok and Valetiy V. Ryumin,

" inserted into orbit. [t failed to dock with Salyut-6 on 10 October, and was
deorbited on 11 October. °

10 December Soyuz-26, manned by Yuriy Viktorovich Romanenko and Georgity
Mikhaylovich Grechko, inserted into orbit. [t docked with Salyut-6 on 11
December.

19 December Soyuz-26 cosmonauts conducted EVA to inspect the Salyut-6 station and its
primary docking port.

1978

10 January Soyuz-27, manned by Vladimir Aleksandrovich Dzhanibekov and QOleg

o Gregoryevich Makarov, inserted into orbit. It docked with the Salyut-6/Soyuz-
- 26 complex on 11 January.

16 January Dzhanibekov and Makarov returned to Earth on Soyuz-26.

20 January " Progress-1 unmanned cargo resupply vehicle inserted into orbit. It docked with
the Salyut-6/Soyuz-27 complex on 22 January.

6 February Progress-1 undocked after combpletion of the transfer of fuel, cargo, and

_ e ..SCientific equipment. . _ . . . .

8 February Progress-1 intentionally deboosted oxer Pacific Ocean.

2 March Soyuz-28, manned by Aleksey Aleksandrovich Gubarev (USSR) and Vladimir
Remek (Czechoslovakia), the first international crew, inserted into orbit. It
docked with the Salyut-6/Soyuz-27 complex on 3 March.

0 March Gubarev and Remek returned to Earth on Soyuz-28.

16 March Romanenke and Grechko returned to Earth on Soyuz-27 after setting new

man-in-space record of 96 days, 10 hours.




* ltincluded the fint refucting operation in spece 1the aosmonaets
tramsterred propellants from Progres-1).

+ ltwas the first tme a spase crew included 2 Gitizen ora country other than
th= Uniied States or the USSR,

¢ AU3e1Q now man-in-space recond of 96 dazs 10 hou:sf-

Analysis confirms that Salyut-6 is a1 sciestific pRace station, as the Soviets -
stated. One of the major functions performed by U crews on Salhyut-6 was
Ezxnh r>ources phetography using he MK F-6M { Mnogosoekirali nyy
Kosmicheskiy Fotoaprarat) muitispectral spece camera. With this cuimera,
the Salyut-6 cosmonauts ohotographed exteasive regions incleding aide
arens of the USSR and the German Demacratic R~public {(GDR\. In
additon to Earth observations and photography. the Salyut-6 cosmonaats
conducted tests 10 determine the structaral integrity of the sace “omphex
cuasisting of Salvut-6 and two ferry \thidc:&.

The finst non-Soviet tsmonaut in space from a country bedoaging to the
Counal for Evonomic Mutual Assistancsz {CeMa) was Viadimir Remek
from Czechosiovakia. A axsmonaut reseancizr.-he was liunched to Salver-6
abxand Soyuz-28 in March 1978, He begaa bis training ai the Zvezdnos.
Gorodok (Star City) aosmonaut training cearsr neag Muoscow on b
Devembzr 1976 wivk the {irst group of CEMA cosmofiauts made up o
cana:dates from Czechoslovakia. Polard. and the GDR. The Sovieis expect
to gain international prsstige ond greater cooperation som: member
Courlrics through the CEMa program. Conszquently, we expect that
representatives from cach of the CEMA countsies will visit Salyut-6 dusing ‘s
lifetim

The Soviets” use of Eva and of new space suits demonstrates their ability te
aogquire the necsssary knowladge and experience to construct 2nd maintain
large siructures in space, should they decide to do so. Furthermere, as the
resuit of major Soviet technological advancess in joins snobitity and thernsal
control, the new space suits greatly increase their Eva cxpabélixy.

Significant medical and biological studies were coaducted on board
Salyut-6. us we ¢ extensive experiments to determine the feasibility of
producing unique materials in a gravity-ree environment. The experiments
involved the formation of alloys and the growtd of semiconductor crysials
They were conducted using 2 multichamber electrofurnace deliv LR‘d by tac
unmanned Progress-1 carge vehicle

' During the second phase of this mis<aon. the Saviets cxaxeded their ow » sevond, aling 2 cw
man-in-space revord of 140 days {oa 2 November 197X X, by Covmonauts Visdimir Vasilevxch
Kovalenok and Alcksandr Sergeyevich vanchenkovy.,

T AT

LT e T U e




The semiconductor crystals grown included bsmuth antimoaide. lead
telluride. ard a combination of mercury, caadmizm. and tellurium. The
mercary/cadruum/tellurium crystals foemed the first threc-compunent
2lloy ever peoduced in space. Thesz crvstaks, aloag with bismuth antimonide
and kead telluride, are the best wnown infrancg detectoes. The military
applicativns of such infrured detectors range from therma’ imaging davics
to sensors on carly-warning satellitei. However, the scope of the
semxonductor srystal experiments was such thai it saggested research,
rather thaa the production of crystals for direct militany appnmm-

In addition. with Salyut-6. the Setiets are continnoushy accumulating

valuz bie bag-term man-in-space experience. By coatrast. the Unit=d States
Bas pot had 2 man in space since the termination of the Apcllo-Soyuz T est
Projct in 1975, and the first US syxce shuttle misssion—which will have a2
Guration of no more thon seven days—probably will pot go iato vroit before

any 198(}.-

The tatic hists the ugmﬁcml events in xhc ﬁ’sl m:mncd ph;bc of S.:l\ ul-6,
and the appendix presents brief biographic profiks of the cosmonauts. .

2
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Soviet Salyut-6

Sciestific Spacs Saationc
The First Mansed Phase—
September 1977 - March mx-

Sachgromnd

On 19 Apeal 1971 the USSP tinoched its first farge
spuce statoa, Salyvut-1. During the six- moath active
fifetime of the stanoa, e Suvicts made two aticmps
w man it The firg—Sovuz-190, with 1 cres of
threr— faxthed becawse the twa vehicies coadd mx
achreve a kard dock. The secuad attempe—Sovaz-11,
with 3 orew of three—succecded in docking with
Salyut-1 in junc 1971, After almst 24 days in orbit,
the crew left Sahut-1. but died durning reenrry.
Salyut-1 was intentioaaily debousted and destrored
during reeniry oa 11 October l97leh ’

Sahyut—. the secvad saccessful scientific space statioa,
w1s launched oa 26 December 1974 Durmg its
Z6-moath lifetime. it was visitad by two two-man
crews. The crew of Soyuz-17. lannched in Januany
1975, wsited the station foe 29 days. The ares of
Soyuz-13. kunched in May 1975, remained oa
Salyut-$ for 63 days. The space station then remained
in ocbit for more than a year while the Sowicts
moattored the onboard systems. Salyut—$ w25 inten-
tiogally deboosted and destroved during atnspheric
reentry on 2 February 1977

Salyut-6 (sex ficure 1). the Soviets” mast ambitious
manned space endaavor to date, was launched on

29 September 1977 from the Tyuratam Missile Test
Center (TTMTC). The station has two docking ports.
One of the designers of Salyut-6— Profe—— K_P.
Feoktistov. a former cosmonaut—statd that there are
several advantages in having two docking ports. If onc
port s not functional, the second could be esed 1o dock
a vehicle. and the crew could attempt to remir the
faulty port assembly. Furthermore, should an smer-
gency situation anse when a Sovuz vehicle s docked to
the Salyut station, a sevond ferry vehicle could be sent
up 10 rescue the cosmonauts. With two decking ports. a
sccond ferry vehicle could aiso be sent to the acbiting

statioe 9 repdentih suppines and for redieve the orew va
buoard. suSah ut-6 ks the apability 10 be permxyoenthy
manned!

Co-a-da-deda-d.\lh\ia-S-mt

Command amd coatrol ot the Salyut-6 missioa s
directed by thxe flight coatrol center in Muoscow . This
oeater s supported by space tracking statioas iz the
Soviet Unioa and by ships kocated outside the territo-
nal watcrs of the USSR (sec figure 2). The groend
sites of the Soviet space tracking network have zocess
0 Salyut-6 daily. The ships, sssoctated with the
Academy of Saemes of the USSR {the Kosmomavt
Yury Gagana and the new k;w_isnum\'t Viadoskav
VYolkov in the Athintic Oczan. and the Kosmomast
Viadimir Komarov in the Mediterranaan Sa). are
wsed to communicate with Salyut-6 vutside the adio

borizron of the ussn-

The ground stativas can relay informatios to Moscow
wsing cther bind commanications or the ocbiting
Molniya communicatioas satellites. The ships, on the
othrer hand. relay tnformation only via the satedlites.
Ail of the ground stations and some of the ships are
oquipped with radars and computers enabling them to
determine the trajectoey of Salyut-6. This information
ts then trammitted to the flight control cencer. where it
s combincd 10 provide accurate orbital data. These
data are needed both 1o support the space station and
10 coatrol its docking with another smocmfl.

The flight coatrol center can command Salyut-6 1n real
time, of Can transmit programed commands that will
control it oz some future orbit. The center can adjust
the orbit of the space station, contral its attitude and
life support systems and operate the various onboard
scientific sensors. The ability to do this at the Right
control center relicves the cosmonauts of work that can
b accomplished automarically, thereby allowing them
to perform other tasks that cannot be aulom:ucd-



Mission Chrenclegy

The Salyut-6 mission begrn with the liunch of the
3paCe s13f0a va 29 Scptember 1977, On 9 October
1977, Soyuz-25 was haochad from the TTMTC. 1nd
the first attempt 1o man Sabyut-6 oacarned oa |0
October 1977 The vehicde was 10 dock with the
primary docking assembiy . 1nd the musiva appeared
10 proceed normally wntil rendervous and ducking
provedunes were being performad. The cosmomats,
Licutemant Colond Yhdimir Vasilevch Kovakenok
({Tight commander) aod Vakeriy V. Ryumia (Mlght
engineer). apparently expersenced peoblems with the
astomtic rendezvoas system. They did not schicre 3
hard dock. and the Lissim was aborted The Scyus-28
crew returned safdds to Earth va 11 October., bat the
docking failare set back the first phase of the Salyut-6
mosson 2 kst two months,

Soyuz-26, mazne csmonants Yuny Viktorovich
Romanenko (flight commander) and Georgly
Mikhaylovich Grechko ( flight engineer). was launched
from the TTMTC oa 10 Dacember 1977. Simulations
in peeparation for this flight probadly took ploce at the
<Qosmonant trzining center at Star City. which
coatained a complete underwater muackup of the
Salyut-Soyuz compiex 1o simulate wurghtiess coadi-
toas. In an article in hiarsiva § Kosmomntika
(Aviation and Cosmonaurics). Coloaet A Kborobny kh
repurted that Romanenko and Grechko trained there
prior to their flight. The training included developing
an exit procedure for Grachko to examine the docking
unit and transfer space toods. and a compiete rehermsal
of the i X

Soyuz-26 sucezssfuily docked with the secondary
docking assembly of Salvut-6 on 11 December. After
cntering the station. the cosmonauts activated the
onbuvard systems and began preparaticas 1o ispect the
primary docking assembly. On 19 December. after
depressurizing the transfer compartment, Grechko left
Salyut-6 through the primarny docking-port hatch.,
performed an $8-minute Eva to inspect and test the
assembly, and reported that the docking assembly was

* Kovalenok and Ryumin hier reuraed to Sihvut-6 Kovabenok 2
the flight commander of Snez-29. 3ad Ryumin as the Tight
engincer of Soywr-32

A

n good coeditmon and complctely murtable Grachho
2bo impocted exterior compuncnts of the statmon
inctading the doching awisz lights, the duocking system
antenmas, and the sobar peocts. and repaoeted them to be
1n working vrder. According to Tass, Grechko in-
spaxted the coadition of the punts, sensor gwding pumns,
pashers, fasteners. and sealing surfaces of the docking
unit. He abo carried a poctable cobor televiivn camera
to refay images of the 2ssembly bock 1o Ennh_.

Soyur-27. manped by cosmuoeauts Vixdimur
Akksandrovich Dzixnibekor {flight commander? and
Ok Grigonerich Makanoe tfight engincer), was
lanoched on 10 Jonman 1978 The spaceTall smaxesy-
fully nendervoused and docked with the Sabhvut-6 space
statwa oa 11 Janaary, about 26 hoars after kunch.
The operativa proceeded smouthly, withoat any appar-
cnt difficultics. This marked the first time the Soxicts
had two Soyuz specocnaft simultancously docked with
a2 space statioa. and the first instance of 3 Salyut beng
manned by foar axmoaauts. The four conducted
several joint medicak-biokogical and sGentific-
lechaical experiments and studies aboard the space
complex. One of the missivas of the Soyuz-27 Mght
%23 10 exchange soentific guipmcm

The Soviets deoebited Soyuz-26 on 16 Januan,
carryinyg the arew of Soyuz-27 (Dzhanibeker and
Makarv). Dzhanibekov and Makarov had spent fne
days aboard Salvut-6. The crew of Sovuz-26.
Romznenko and Grechko, remained sboard the
Salyu1-6/Soyuz-27 orbiting space station.

The reason for returning the Sovuz-27 crew in the
Soyuz-26 wehicke, instead of in their own, was that the
secondary docking port of Salvut-6 must be free of
obstruciion, both during mancuvers periormed by the
two main engines of Salyvut-6 and tc enable 2 ferm
vehicle to dock. The space statioa has a loag-term
missioa and requires occasional maneuvers o maintain
its orbit. A vehicle attached near the engines would be
susceptible to damage during a mancuvenng burn. The
only previous mareuver performed after Soyuz-26
docked had been accomplished using the Sovuz main
cngine. Bevause of the low thrust and fuel limitations
of this engine, only small meneuvers vould be per-
formed. Thus. the norma! use of the secondary port
may be anly to dock a vehicle for a relatively short
time




The suacssind docking of buth Sovuz-26 and Sover-2?
with Sabyut-6 demoestrated the Sowaes” abikity 1o
mantun 2 continually minned spece statron m orbe.
Crows can be sent w sack 3 station at regubar intervals
to aarn suppies 20d W relreve the n:rt--

On 20 January 1978 Progress-§ was hunched (sce
figure 31 ad docked with the orbiting Salyut-s;
Soyur-27 space camplex va 22 Jaagars. Progress-1
dodked aatomatiain with the secoadan docking ron
of Sahut-6. This was the first time the Sovicts kod seat
an uomannaed rosupply vehicke to 2 menrned space
station. Tass stated that the mrssiva of the “2gtoatic
transport ship™ was o tramsier fucl. life-sapport
suppdics. and saentiln: aquipment to Sabyut-6. Tass
abo stated that the “tramsportatoa of seppises by
2uOTRIRT tramspoct ships will make it passible 1o
consaderadbly proloay the functioning [} and incr=ase
{the] effectiveness of the use of manma? ocbital
womplenss.” However, we bedieve that the paman
mussaa of Progress-1 peobably was 10 prove the
feastbelity of unmanned resupphv vehacdes: and that it
provided another “first™ for the Soviet SPRACE program
as well. We do not believe it was cssential 1o resupply

the szation at that 1im¢.-

The refuciing operation is the mast sakguee feature of
the Progress resupply vehicle. 1t s performed auto-
maticaily oa command from cither the groand or the
cxsmoaauts. The followiag operatioes are invobved: tn
a check of the bermetic seal of the propelbant lines
following docking: (2) reduction in the pressare of the
Salyut propeilant tank: (2) the transfer of fud 2nd
oxdizer: and (4) a purging of the lines with nitrogen
125 after compiction of the propellant transfer. The
Prugress vehicle contains two fucl and tao oxidizer
tanks for resupplying the station (sec figure 4). Each
tank has sections containing nitrogen gas. Becaunse of
the potential hazards imvobved in handling the highly
volatile propellants, the propedlant transfer is accoa-
plished through the docking scal. The docking 3eal of
Progress is different from that of the Soyuz spacecraft
in that extra locking latches are added to ensure 2
solid, hermetic seal. The propellant transfer lines
probabiy are external to the Progress spacecraft to
cnsure maximum safety. Compressed nitrogen is used
1o pressure-feed the propellants into the Salyut fuel

and oxidizer mnb'-

The Sabut-6 propcilant svstem comois of three
avdizer tanks (two main tanks and voe noserve tank)
and three fudd tanks. Each tank is divided 100 W
sactnas by 2 foided. fleble metallic membeane.
Dunag the refueding operativa, compesised nitrogen at
1 prassare of 20 atmospheres was pamped from these
tanks into ritrogen bottles until 2 peossare of 3
atmuspheres was obtained. The propcitant from
Progress- 1, at a prossare of 8 atmsphere:, was then
forved into the tanks, When the fed transfer was
complcte, mtrogen gas was msed to repeossanee the
Progress- 1 tanks and to purge the propettant lines powr
to andocking. The Salyut-6 tanks were then
repressurnzed with nitrogen to force the propcilants
int the engt

The cosmonauts moaitored the refocting process from
the centra! coatrol post of Salyut-6. The entire
refuzling operation ok place over an 1l-day penod.
Oncoftbcmam‘formxcndingthcmmfcrovuihb
length of time was that this was the first ume sucha-
procedere kad been undertaken in smcx.

Progress-1 was docked with Salyut-6 for 13 days

before undocking from the station oi:6 February.

During this time, it also was used iz 3 serwes of

engincering 1ests under the experiment clled

Rezomans. A Tass announcement o 6 February suted

that. prior to andocking. Progress-i fired its engine o
neuver Salyut-6 into a higher ocbi

One revolutron after undocking. Pregress-1 again fired
its cngine. this time to “est the backup automatic
search and apprxch system. which bad pover been
tried in a real space {Tight before.™ On 8 February, the
spacecraft was commanded tomaiea baaking mancu-
Ver o pat it on a descent trajectory, Crusing Progress-1
to reenter and burn up over 2 preset area of the Pacific.
(The Soviets ako use this method to dispase of their
Salyut space stations when their useful life IS over.

Soyuz-28. the last ferry vehiclke to visit Salyui-6 during
the first manned phase. was launched on 2 March
1978. It was manned by Alcksey Aleksandrovich




Progress Unmanned Cargo Resupply Vehicle

. /"
T Antenna tor agoroach ang cocking system 8. Fust tank e
2 Lght inchcator 9. Man propuision system L
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7. Onentapon engines 14. Scarrung camera

15. Acowe dociung assembly
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16 Querrec-tank mrtssyn:xrva fine
g fator
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Sorercal hhagh-pressuce ark

Gubarev (flight commander). 2 Soviet. and by Vladi-
mir Remek {cosmonmut researcher). the first Crech to
fly in space. This was the first time 2myone from 2
country other than the United States o the USSR had
flown in space

Sovuz-28 docked with the Sahyvut-6 spece station on

3 March. It ferried numerous replacement parts to the
station. including plotographic flm. tape recorder
cassettes, filters, expesimental materials, and personal
hygiene items. During the next seven days. the four
cosmonauss (the Soyuz-28 crew and the original crew
of Soyuz-26, Romanenko and Grechko) conducted
several pornt Soviet-Czech 2xperiments including

Exnh observation and photography. the Extinctoia
and chlorclla experiments, and several metallurghal
eypenments wsing the Splay {alloy ) clectrofurnace

On 10 March. Sovuz-28 returned to Earth with its
international crew. the resaits of the experiments, and
cxpused film. Six days later. Romanenko and Grechko
returned to Earth in the Sosuz-27 ferry wehidle.,
marking the end of their man-in-spaece endurance
record of 96 days. Before departing Salyut-6. the
csmonauts placed it in 2 starddown mode Tor

automatic ﬂight-




Physical Description et Space Stative and Resupply
Vehicke

Seina-6

Reoent artades appeaning iz the Sovick press have
peovaded 2 detailed descrivrnm of the stracturzl
arrangement of the Subyut4 <. o <cation. The stapoa
mrri:sabmlonc.mdak:h’tcxx;.isdcntifkamip--
ment and has a ol knhitabie vwame of 100 cabac
mcrs.hmm‘msollnmqﬁnﬂcsd’diﬂcxing
dhmax-hkhnmammcdb\mhmdhnhng
secnons (see figme 1). The smallea o linder. coatain-
g the transfer compartment, ts the forward section of
the spacecraft. The primary docking port (e
Ts1athoa’s passive docking assembly ™) is at the froat
end of this oy hinder. The mrddle oy inder contains part
o(lhc-\rhnguxnmnmanTbclh!rdlndhrml
ohndcrhmsclbcrtnnmdadthc-orhngmmn~
ment and part of an eqaipment compartment. This

< linder s coanected 10 the mrddle calinder by 2
linkingmimmdnnlmukng..—\ubcmrof
the spacecraft. atached to the hirgest oy finder, is the
remauning portioa of the cquipment comparument—
lbcoulyamwhich'smxbcrminn_vmkd.m
secvedary docking port is in the center of this
compartmen

The transfer compartment is scparated from the
working compartment by 2 pressurized aidkock. The
transfer compartment is used for conducting scientific
cxperiments, and also as an airfock for Eva. On the
exterior of the tramsfer compartment are telemetry and
Vorcr-commaunicatioas antennas, beacoas. oa semsos
for the orientation and stabilization system. micro-
IMRCLCOCITE SCNSOrS, Sun-MOsition semsors, and comi-
pressed-air tanks. The interior of this compariment

. houses the Eva suits, phbotographic equipment. Ev A and
screntific control pancks, and a stativa-orientation
control knob.

The cosmonauts spend most of their time ia the
working compartment in the middle o linder. A mong
the itenw in this section are the central command pust.
the MKF-6M camera. the water-regenenation system,
toilets, bunk beds. and 3 conical scientific apmaratus
compartment (the inner cavity of which is unpressus-
ized and can be opened 10 space) that contains the BST

7

zcbmﬂhm;boim!ndutbcdinmzmm
area r«wmmmmm
treadmill, the bicycle crpomczer, 1od 2 shower. The
mxajoeity of the somniic equrpenent & 2ho kacatad tn
thrs compartment. Attached to the exterior of the

. vompartmeat are throe sobar panch, piaced 90 degrees

apart that. ooce dephoyed. can antoexeeincalhy acent

- themselves toward the san in sch 3 way that

mauimuam current 15 produced. With 3 ol sarfae
area of 60 square meters. they provoce 4 kidomarts off
decincaal power. The cootral commerod puost (TPose
Nol comsades ™). abso in the working compartment. is
whmlkmmxuMmtb:mlm:\n
data from the Sahyui-6 instraments are rehived 1o
thes: comsubes. The ammuaatrs coatrol the suta,
moaitor all systems, and receve and transmit data
from the comsoles. Voie commenicarioas with Examh, |
the Delta mavigational syvstem. 204 the tehenype
“Stroka™ are abo on the command ¢

T'bcnsloflhc'orkmgammnmcm 3 in the third
SOlinder. This area hasa TOVIE Camxer. and beat pipes
leading from the Sahvut-6 bater. The unprossurized
oquipment companment, whikhk houses the peopubson
and refudling system, ovcapres the remziader of the
station’s aft section. Solar-orntativa semsors, orbieal
and attitede coatrol engines. 2nd antennas asc oa the
extenioc. The Salyr1-6 peopuksion system consists of
two main engines and foar sets of soxall attitnde-
control engines. The arrengement and kaaation of the
main engines of Sabyut-6 ad 10 be altered from the
Salyut-4 coafigurztiva 1 accommedate the imstalia-
tion of the secondary docking

The Salynt enviroament controf system & an adapta-
tron of the time-proven sysicm used oa Sosuz. The
basic clements used for the coatrol of atmaspberic
£32SES AT porassium superoride regenerators.,
lithium-hydroxide carboa-dioxide absorbers, and ac-
compenying contaminant filters. Gas anmalyzers moni-
tor oxygern. varbon draxide. and water vapor levels, and
control the operation of the regeneratons and absorb-
ers. Normal pressure maintained aboard Sabwtis
about | atmasphere (cquivalent o 760 millimeters of
mercury). Pressure control on Salyvut s maintzined by




-

(ramsders, vents 1o relieve cuoess peossare, amd 2
szpply of compessad s omsseg of 2 muatare of $0-
ocrvent avy gen and 60-pernent mInxer to phie the
amasphenie air st from lcakage. 1y A aad eparaton
of the Splar dectrofermce. Minoe atmusphernss xir
s abso oocur durning packing and waste dopuozal
operat

The entire statam 15 thermalh imsakated by mueit-
Liyered. vacnum-shicidad insakatvon several maronsy
thack. covered wath additom] bivers of ghass wood 2od
ataminum foil. The station’s mteror temperature, xs
wedl 2s the thermml coaditons of the imtrumentataon
mounted 02 the cxieror, X maintainad by a network of
rxdiators and peres. The tempesatare cootrol ©
ctTected by twar inGopendent systems: oac, for cooling.

_ kaving an exiermal radiator ior heat repection; amd the

ocher, having an extami coliector for beaung. I the
cooling system, the Srcail in the crew compartment

pecks up beat produced by the crew and equipmentand:

transiers it o an imtermediate crerit. from whrch the
et 1 tramsferrad to the radiator arcait. A liqand-tow
regulator in the radiator Grouit cairois the distribu-
thoa of haat—some 1s rercted 1o sgace v the radnator,
and the remainder ts rearcualated o the crew compare-
oenis. The heating system conssts of an exterml
cudkector of heat, an internal heat-ewchange circuit.
and haat exchangers which are used to keep oebital
mapcuvering engine and attitude coatrol system tem-
peratures within the required ranges and. if necessany.
ta supply heat to the orow comparimen

Progress .

The Progress resupply spaceoraft s basically a modi-
fied Soyuz ferry vehick (sce figure 3). According to
the Soviets. it can dediver 2,295 kilograms of cargo nto
near-Earth orbit, and its toeal weight at liftoff ts 7.003
kilograms. This weight & a%out 400 kilograms heavier
than that of the standard Soyuz, and approximates the
full capability of the SL-4 launch vehicle to placea
spacecraft into near-Earth ocbit. The Sovicts were able
to 2dd the 300 kilograms to the puylkoxad weaght by
eliminating the launch-cscape system necessary for
manned Soyuz launches. Howaver. the entire payload
fairing structure (that is. the shrouds and scape
tower) was retained. so that the aerody namic proper-
ties of the SL—¥ would remain the sa

Like Suosuz, Progress comsases of three soctwons the
cargu vwarpurtmeent wath the doclunyg st the e gbie’s 8
Lot coenpurtment. and the imtrument axmparimest
These are anaioguoss 0 the Soruz vebstal, reanery,
aod Imirument Cumpartmeais, POPOCtivay . T Junk-
tag ume of Progroes o asacaihy the seme as the
comparabic unit va Sva ez, However, it coatamms
sdditonal 2utvatne kydranhe aamectoes 10 cosere
the bermetne arapiing of the Progres peopellant
1ramsfer system with the Sab et peopcdkant coanecton.

The cargo compartment., with a ywlume of 6.6 cubas
meters., reotaced the slighthy semaller Soyuz ortxtal
compariment. Dy cargo © stored in thes arca. All
small obpects are packed in coatainers. and the large
oquipment s fastened oa racks attachad to the
framewnork. The fasteners are specxally designed bosts
that refease with 2 quarter-turne 1o spocd ankcading.

The propedlant comparntment contaias the basic compo-
rents for refucling and gas supply m{&m Thns
includies four cylindrical propeilant wank¥. spherncal
tanks with compressad becathing air and nitrogen.
hydraulic hardware for fuck-line coupling. sensoes, and
gauges. The total propeilant and gas dedivered on
Progress-1 waighed 1,000 kilograms

The instrument compartment is basically wdentical to
the Soyuz insirument compriment. coataining the
orbital mancuvering engine, attitude~coatrol sub-
system. and cectronics. However, the volume of the
Progress instrument compartmest was increased al-
mast two-fold. Progress is equipped with two instru-
ment racks. while Soyuz has only one. Room for ths
additional instrument rack probably was provided by
deleting the backup ocbital maneuvering engine. The
additional instrumentation peobably was required to
accommeodate redundant clectronics for the {ully
automatic rendezvous and docking system, and control
systems for the propellant transfer function. Thermal
control and life support are provided from the Salyut
space station to the cargo compartment to permit the
cosmonauts to work ia a shirt-sleeve environment




The vxternvor of Progress, e that of Sovez, ks 3
telam try antenna, a docking antenny. th v lights,
and 1w televisaon cameras. The lights and o meras are
wsad to muoaitor the appaxach 1nd docking vperatoes
frem Sabet. The data are redaved directh w the
axmurcats oa the staia, aiksaing them o muaitor
and coatral the appaxach phase, if oevessary. Whiks
must off 1he Progress tlight systiems are functionaiiy
samukar to (hase va Sosuz, there 2re some AP —
in partroalar, the attitode and guidamoe sysiem, the
Qetrol 2rca. and the thamoncgubition systems—
pamnly becyme Progress was designed to ugxrate

.xumnnlmlh‘

Medical and Biological

Perbaps the most signifiant experiments conducted va

buard Salyut-6 were the mednal and brodogical
studres. Amuong all the experiments coadinted. these
were stressed contineously, 2and comsumed the most
time. The Sovtets have repocted that additiomal study
s needed o understand the offects of waighthessness oa
the budy 1n erticalar, and the effects on mineral
metabolism. bormoan] changes, and ecdlutar reactions.

Every five or six days, “medical days™ were assigned
for (2) investigations or the cardiovascular sysiem
{incdluding blood samples): {b) an experiment to stedy
the redistribution of blood in the body and to 2ssess the
conditioe of groups of muscles: (<} the moaitoring of
aldum, potassium. 2nd sodium levels in the body: and
(d) monitoring for changes in the station's atmosphere.
These 16513 were conducted before. during. and after
various physica! exercises (such as on the bicyvcle
ergometer and the treadmill). They were aiso per-
fermed with the Chibts lower-body negalive-pressure
suit. The objective was to determine how much. and
when, exercise was needed. The emphasis in the
biomedical studies was on the cardiovascuiar system.
the vestibular apparatus, respiration. body tempera-
ture, and metabolism {based on biochemical measure-
ments of the blood). In addition to these studies.
routine daily mredical reports were made. Then, every

w10 three days, the ammumauts used the Beta-3
appacatos for cxectrocardiogram amd rosparama-rate
mcsarements. Body mxass was reconded wang an
incrinl mxrssometer. Mot of the data were tokes
metered buck to the ground. Biomedical ananvang
w3 abo comducted darimg £y a_

Pelynom 1M Device. The Pohyvoven XM s a
becimstrumentaton system that porxades a reirable
method for obtaining detailed datz va the berrt and
Bood vessels of cach cosoonaut, By compuninyg the
data recaved daily, the Soviet physactogises kave
vonsaderabie informativn va the changes in the candio-
vascular systems of the anmonzuts wader coaditioas of
profoaged weighthasacss. These data are essentiad for
detecting the vaset of adverse effects. Polyouen 2NE |
data abo are used to evaluate the effectiveness of - -
mcasures taken to counteract the undesirable effects of
weighthkassees: These countermersures inclade the

¢ oraxse pevgram aad the lower-body: negative-
pessure sw

The Poly mrm 2M device conSists of an amplifrer and’
four semsor assemblies: a kinctocardivgraph. 2
dotal-perimetric ascillograph, a tacho-oscillograph,
and a thigh cuff {sce figure 5). The kinctocardiograph
proades data from which mast of the performance
parameters are obtained. The distal-perimetric ]
oscillograph senses the pubse in limb arteries. and 1he
tacho-ossallograph is designed 10 peovide blood pres-
sure measarements. By comparing the tacho- :
oscitlogram with the kinetocardiogram., dats are pro~
vided from which Soviet physiologists can estimate the
bivod flow from the heart. Ao, the tacho-asGillogram
and the distal-perimetric oscillogram can be correlated
in time te derive an accurite estimate of systolic blood
pressure {that is, the peak blood sure during the
cjection of blood from the hean)

The thigh cufT. a pressure cufT that contains a sensor. is
used to measure pressure oscillations at a location on
the upper third of the left thigh. The correlation of the
traces {rom the thigh cuff and the kinetocardiograph
provides the transit time of a pulse. an indicator of the
smooth muscle tone in the large arteries. Darning
extended space missions. the deterioration of the
smooth muscle tone of the arteries hay, been one of the
serious side effects experienced in wcighllc;snds-

S




Biothersa—4 Incubator Experimest. The Biotherm— o
1 biclogical incubator used to incutate drosophila fruit
flies. The purpose of the cxperiment using the
Biotherm-$ was te gather data on bow werghtlossaess
afTects breeding and heredity. The results of 2 similar
experiment conducted oa Sabyut— showed that
drosophila lay sterile cggs in space. The Salyut-6 crew
was checking to see if the Salyut-3 test was an solated
ase

In the experiment conducted oa 13 Februany,
drosophila larvace, formed from cggs laid on Eanth,
were pupated at 24°C in the Biotherm—3. The cosmo-
nauts checked to sex if the fruit flics born in space
produced a third generation. The Soviets hove not yet
made that information public. However, if a third
generation was produced. a comparison of the first-
and third-generation characteristics was to be made 10
determine how space flight affects heredity

-

Chioreita Experimest. The chlorclla expeniment was 2
Joint Soviet-Crech experiment 1o study the growth of
different species of chlorella algae (uniceilular plant
organsms) in a weghtless enviroament (see figure 6).

In one part of the cxperiment. threv different specres of

algae w=re put into 2 notrient medium and allowed to

gruw. Growth competition amoag the three specics was

studied in space and, upon return to Earth, the

resuiting growth was comparad with that of an -
Earth-grown version of the same upcﬁmcm-

Another 131 also involved three species of chloreila.
The chiorella strains used were mutants lacking
chiorophyil. Each species had two samples, one of
which was allowed to grow while in orbit. its corre-
sponding sample remained in the passive state (the
absence of the nutrient medium). Upon returm o
Earth. the samples were compared




Instrument for Soviet-Czech Chiorella Experiment

~
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1. Housing and smher hanale 8. Sheil with chiorella ) ok
2. Transparen: hycrophisc nsrce walls 7. Shell with fxative N
3. Sonng 8. Sheil with actv> physologrcal agent L
2. Protectve rucber hood 9. Sheil with “marker” B
5. Thrust heac ‘or smashing ampoules 10. Food medwum

means o! the sinker the cosmorau’s can break any sheil in conformance with the expenmental pr
ry oGramL

The Soviets claim chlorella is important because it will  Medusa Experiment. Ouiside Salyut-6, attached to the
be used in future interplanetary ships and stations in transfer compartment. are special flasks containing
“greenhouses™ with a closed coological system. In amino acids whick have been exposed to solar and
these greenhouses, the plants will absorb carboa cosmic radiation. When retrieved during Eva, the
dioxide from the air and enrich it with oxygen to serve samples will be compared with bropolymers stored oa
as a food and water supply. Chlorella, which absorbs board Salyut-6. Analysis should help to cstablish
carbon dioxide and releases oxygen very actively. is which changes in the living cultures have been caused
rich in protein and matures rapidly by space mdialioni




Frog Egxs Experiasent. The Suomicts plaved fertilized
{rog cgys abaird Soyuz-26 in what they desaribed 29 3
taresirnl pood. Once oa Salyut-6. the cosamxzauts pat
the frog cggs beside tadpokess that had been buen en
Earth and companred their behavior. An obsiom
differemoe was that the tadpokes born in spuce moved in
sparzbs. while the txdpoles born va Earth secmed
disornented. The tadpoles were returned o Earth for
sacaufic study-—particchar’y, stody of their orenta-
oa

C)mw Experiment. The purpuse of the
Joint Franco-Soviet experiment using the French
thermostat Cytos was to study the effects of space ea
the el divisivas of micro-organisms when cach -
ocgansm was separated {rom the others. The Sovicts
chase Amacha Proteus (noedifferentiated nockens)

organtsms for this experiment, and the Freach sebocted

Paramexcth (differentiated nocls). The French scentie
fic planning team was ked by Professor Hubert Pand
of the University of Toulouse, 1nd the Sovict experi--
ment was spoasored by the USSR Ministry of Health,

Caltures peepared by French and Soviet beologists
were made dormant in an ordinary refrigerator. The
cultures were tramsported to the TTMTC in the Sovier
transport thermostat Termokont-2. They were then
placed aboard Soyuz-27 in 2 Soviet instrument clled
Biotherm-8, which maintained a coastaat temperature
of 8° C 1o inhibit cell division nntil arrival oo Sahvut-6.
Cuoce oa the station, the cultizrss were transferred to
the Cytos thermostat where the OrganIHINS were
activated and began multiplying. The thermostat
maintained 2 constant temperature of 25°C. the heat
providing the micro-organisms with the proper tem-
perature for cell division. For four days, at 12-hour
intervals, the cosmonauts extracted and fixed a sam-
ple. whick wzs returned to Earth by Dzhanibekov and
Makarov oa Soyuz-26 for analysis. Thus. aght genera-
tions of the organisms were sampled. A control
cxperiment was also conducted on Earth, and oa 20
January the French organisms arrived at the N ticnal
Center for Spuce Studies (Centre Naticna? - udes

Spatiales). in Toulousc-

o

Gewpdysicni

The covmanants abuoard the Sahut-6 statam devoted
umsaderable time 1o observing the Earth aod its

3t masphere. Sindics of the atmanpbere were cooducted
wung photography. sketches, 1od mxes. Savict Wxen-
tists comsadier the rosaits of the atmaspheric stodics
sigmficant in xwsessing the statms of the atmspbae.
Earth phaotography was oberimad with numeroes can-
orxs imcluding the MKF-6M camera. the Kior

kimid- movae Cimera. and the Kate tcpographrl
CamxeTa.

Eni-udnufﬂtfrxﬁuﬂxm'-uu.Ono.\hmh,
Gabarer amd Remwk coedinted the 2UMABPRCTRC X
peniment dasignated Extinctczy. The purpose of this
cxpenment was 1o study the dust Layers formed by
mrcTumctoonites in the Earth's atmaospbere at altitndes
in the range of 30.10 100 kikomcters. Duning the -
cyperiment, the cxsmomauts phuotographed schected
stars as they set behind the Earth's night borizon. The
photography was taken when the cosmonants were
over both hind and coean arcas. By codiparing the
change in brightness of the stars. the Soviers bope to
obtain micrometeurite laver data that could be wsed to
improve bag-range communications. The data <ould
also be applied to weather studies

A rehated experiment, desigmated Refraction. kad been
cvaducted oa 23 Febouary. This experiment invohed
measuring the apparent angie between vanoes stars
and plancts when viewed throegh the Earth's atmo-
swhere [

Grechko noted that he was rartculary fasGnated by
the noctilucent douds. He 100k several dozen photo-
graphs of these sibver clouds, w hich usually bover over
polar regrons at altitudes of aboat 30 kilemerers. The
Sovtets believe these clouds are formed from silivon or
iron partictes from volcanoss or mcleon‘lcz-

Raduga Experimenr. The Soviess placed marticular
inportance on the Raduga (rainbow) experimental
scries, the purpose of which was to obtain Earth
resources photography using the MKF-6M cameras.
1 The M indicates a modified version of the MK F-g
camera.) The MKF-6 camera system is a six-cimera
nialtispectral system with nacrow-band filters on each
iens to provide photographs of various regions of the
clexctromagnetic spectru The six

id
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Cxmeras are airgned 1o point to the same ares va the
hnhswbawlh!mamkummm

a strp 165 Rlometers wide by 115 hilomcters long.
Soxict sources charm the camexa werghs about 170
kilograms and was designed and bailt by the GDR's
Karl Zeiss Jema enterprise in cooperation with the
Institute of Space Research { Institur Kosmxchbeskogo
Issledovansya) of the USSR It was first osed in space
oa Sovuz-22 in 1976 oa an cxperimental basis. Tests
were abo condected with the camera ca an experimen-
tal AN-20 qircaf

According to.the Sovicts, the film is processed at Kard
Zeiss Jema and seat to the Soviet-State SGentific
Research and Production Center Priroda, 2 branch of
the Academy of Sciences of the USSR:-When used,
with the MSF—4 maltispectra ! projector. akso devel-
oped by Kan Zexss Jena, the (Im provides data on the

size. configuration, siructure, and texture of varous - -

regions of the Earth's'surface. In addition. spectral
characterstics such as gray toae, color. and radixsion
intensity can be determined. Photographs from the
camea have a reported ground resolution of 30 mwiers.

The primary use of the MKF-6M camera oa Salyut-6

was for Ezrth resources chutography. Romanenko and
Grechko photographed various areas of the world,
including the. USSR and the GDR. A team of GDR
specialists led by Professor Hans Fischer was at the
Kaliningrad Flight Control Center during the first
manned phase of Salyut-6. In contrast to the MK F-6,
the camera used on Salyut-6 was made more
reliable—that is, a backup electronic system was
added. and two additional film cassettes were installed.
Each cassette has enough film to cover more than 10
million square kilometers of the Earth’s surface. The
long duration of the Salyut-6 mission has permitted
maltispectral photograpay to be taken at diffzrent
tirres of the vear

BST Telescope. The asT telescope operates panmanly in
the submillimeter and infrared ranges. On Salyut-6 it
was used for Earth resources and atmospheric observa-
tions. The system can onerate manually or automati-
cally. When in operation, the infrared sensors are

aobad to -269.2* C In 2 dosak-xycie belinm hustat
» hach draws aboat 1.3 kijowatts of chectracal power.
This b the firsy tmae the Soviets are Leown to kave wad
2 Jdused-oycde cnastat in space. However, they wad
open CnOsiats ot cariy 33 1974 un Cosmos-6069. and on
Sabhut

The purpase of the CDOZEAN 33 stem 1 10 cod the
mdnwnscmcnunbcxdcmpc_cmblm;(bcm
ment to be more sersitive to infrared emiscons. The
semsors, 3 millimeters square. imdude indium anti-
moasde and germaeaium boroa, = hivh ko were vn the
Cosmurs-669 &5T. The chsed-oyole COSIat operates
\immmbcﬁ‘mmmcdmamnmoflj
atmuspheres. Heliwm is sucosssively compressed, and

“then covled 10 two gas-refrigeration machines and

intermediate hear cxchangers, before: flowing through
an expanding oozzhe,

\Wlommlkmtdomhsa
1_5-meter-diameter mirror. This mxrmys approxi-
mately five times barger than the main reflector of the
Salyut—4 solar tedescope. Its operational range. accoed-
ing to the Soviets. extends from several microas oltwo
2 milhimeters. The tedescope, xhich waghs over 650
kilograms, is the largest research instrument oa board
Salyut-6. Romanenko and Grechao used it to study
sofar corona. to determine regions of high motsture
content in the atmasphere. and to make measnrements
(with noncooled semsors) of ultraviolet radiation in the
atmospherz for czooe-layer studi

Space Statior Exgincering Experiment Rezonaxs
Onec of the most important engineering experiments
performed on Salyut-6 was designated Rezomans. This
experiment was designed 1o study the amount and
cffects of yarious types of stress on the docking
interface between Salyut-6 and a Soyuz or Progress
spacecrafl. Sensitive transducers were placed at criti-
cal r,um(s of the space complex and hooked uptoa
central monuonng and recording device. On a signal
from the ground. onc cusmonaut created vibrations
while running. jumping. or walking on the treadmill.
The pressure in the cavity between the seals of the
docking assemblics was recorded by sensitive sensors



before. dunmg. and after the sibratons were prodocad.
The Rervaum cxpenment was avadocied with differ-
g coaingurations of the Salby ut-6 compler —that 15,
with on¢ Soyuz vehade dockad. mith the Progress-1
vehicle at12ched. and with two Sovuz vehickes docked.
The results of those resomamoe cxpenmenss pooended
valuable informtion va the dy mamns of 2 threee
vehucke space complet under stress. This informatioa
=il be used 10 determine the catigurations of future

Saviet space comp c\cx-

Deira {inremvssons Navigation S yirems

Onx of the nnaque features of the Sabyut-6 statin was
the operatmaal use, for the firsz time. of 20 antoamatic
mavigauoml system. The significance of this SHstem
that it frees the cosmoaauts of the bardemsome task of
controlling the space statioe—that is. it serves as an
“autopuot.” According 10 the Soviers, PO to
Sahut-6. cxmonauts kad spent up 10 vac-third of thair
work time preparing and executing spacecrift orienta-
thoa mancuvers 10 keep the vetiide va course. The
Dedta system automatically maintains the attitnde of
tbe statioa.. [n addition. it projects future orbital data,
w hich include the beginaing of each revolution, the
OQUAOr Crossing time. the times at which the
syacceraft will enter and exit the shadows, and the
quatonat cagitude for cach revolution: The Soviet.
press has described in some detail the fanction of the
$yslam compoaents and the operativa of the system as
a whole. Some ¢f the basic functions of the Delta

Sysiam are:

~ Automatic determimation of orbital PARMeLETS,
performed by an onboard compater receiving data
from sensors on the space stativa and updated data
from the ground. Orbital sensors aboard the space
station include a radicaltimeter, a Doppler messuring
device, and astronavigation sensors. The radio-
altimeter measures the altitude of the Space station at
defined intervals. To do this. the altimeter axis must be
aligned with the Earth's surface. Initially, the cosmo-
nauts perform this alignment with the aid of an optical
device. Once set. the attitude control system works
autonomously. The Duppler device determines the
radial velocity of the station as it masses over radio
beacous in the USSR: and the ISUONAVIZAION SENsOrS
register che rising and setting of celestial bodies,
thereby providing the station its pasition in space.

= Automatx arbxtad oxamtemance, watrolked by the
vabaend computer throagh the raImnng mechansms.,

* Determumtion of the radaovabnhity roocs of the
3TUCE statwn with the ground stathoms, 2nd automain
switching va and o of the commama tioas ajurpment
1 the statwn cnters and kaves :he 2oncs. [t abo
ootifies the ground statmons of the aaly «hedube,

The Soviet peess has desaribed the QmMpater’s memory

- as 2 hrgh-apeaty v, pecsumabhy dectroare. The

@y 18 wsed 10 stoee data froas the measunng,
s¥3tems zonl the compwter s ready foe processanyg. It
250 coatains pecprogramead instroctions for the anmy-
mauts. These imstroctas are ponted out oa 3 Cathode
ray tube. The Delta system abo has a ~Stroka™
tefetype for printine oot data. An intermal dock, which
provides Mosoos time oa the coatrol vancl, oy be
wed in conjunction with experiments 1o regnies the
tume of events

Although. a3 already noted. this was the first uper-
avoml use i the Dedta system, VArOss compooents of
the system were tested o provioss Soyuz and Sahut
mssions. A semiutomatic moded of the system
repoctedly was includad on Salyut-1. 1nd was im-
proved upon in successive misPons. The Dedia aetono-
mous mvigational system has special significance
the Soviet manned spacs progmaia. The Lapabelity of
the space station to function with Emited support from
Earth-based complexes' repeesents a great side in
cffraency. The Soviet sgace program s a very ambi-
trous one with oumeroas satellites in orbat, and
reducing command support from the ground for these
manned missions frecs command resonroes for other
programs. Futhermore, 2:tomating the control of the
space station {rees the casmonauts o pursuc more

meaningful mls.

Micrometevrite Observations and Experiments

The axsmonauts made visual and photographic obser-
ations of micrometeorites near the Salyvut space
station. As in previcus flights, it was noticed that the
windows were covered with a thin layer of dust. The
cosmonauts described this layer, as well as seratohes
made by micrometeorites on the porthole glass. On vne
occasion, a seratch one and a half millimeters deep was
nat
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The anmunaats abo wed the s;ucesua o sindy — Sowviet Splav Electrofurmnace

mxcrometoonte dust. These partackes are known to
cuse gradual eroson of the solar-ceil semeductoe
coaung and of other coatings o the exteror sarface of
the stavoa. To study this pbhenomenon the Suvicts
designed three semors, each wath an area of 0.6 square
mcter. 1o oxeasare the froquency of impact of dust
partdes. One sesor was placed on the tramsfer
vompartment: and the other o, oa the working
vompanment. The sersors comsnied of two
charged-atuminam-fed cectrodes with dacroa bes
tween them. When a particie peoetrated the upper
plate. 1ts charged trad chosed 2 compsctor vt and
regrstered 2 hit on a counter. Partdes weghing s
litd2 23 coxe-muitwoath of 2 gram were recorded. This
informataon was ssed in tekemetry to Earth, The
uadwwon of ths cxperiment was that the frequency of
dust partadde impucts o spocads

Merallnryical Expeviments

Onc of the major preces of cquipment cm bling .
Salyut-6 to be wsed as 2 platform to condoet materiaks-
saence stsdies was the Splar furnace. The Splay
furmace & 2 remote-osatrolied. measichambersd
clectrofurmee weed paimarily 1o produce afloys in
space. and o study welding and soldenng techniquces.
{see Tigure 3). The Iurmaroewas delivered to the statioa
on Progress-1 and opated ia the Salyut-6 tramsfer
compartment. It was o of the most extensively wed

technokogical instremenss oa the snlion.-

The Splav furnace weighs aboat 28 kilograms. and was
designed by AL V. Yegorov. It has a power nequirement
of only 300 watts. To prevent heat boss, there are

moly bdenum reflectors around the furnace o assure a
temperatare not exeeeding 40° C oa the outside of the
unit when the intenes temperature s 1.000° C. The
furnace consists of three heating rones. One. the hot
zone, maintains 3 coastant temperature of up to 1.000°
C. whike 2p0ther, the cold zone. maintains a tempera-
ture of 600 1o 7N0° C. These two zoaes are used to form
three¢imensional crystak. The central zone. used to
form one-dimensional crystals, provides for a lincar
temperature cooling from the maximum temperature
to the minimum temperature. A postable computer.
weighing onhy 10 kilograms. is uszd to control the
temperature of the heating chamber to within 5° C.
and the entire process s preprogramed

Duning the Salyut-6 cxperiments, up to three capsales,
cach kuded with 2wo quartz ampules ooataining
vanous subsiancs, were piroed in the furmece. The
axmonaut then specified oa the compater the mavi-
mum temperature. heating time, rate-of cooling, and
woling temperature range. The airkock was de-
prassunirad and the fameoe was turned oo, The
substances were haated to the raquired temperature,
fused in the ot 2vo¢; and woolked in 158 cold 2vnc.
2llowing anvstalization 1 occur. The samples were
then removed and returned to Earth on a ferry vehicle
for examimtion. A low degree of sample impurity was
<cipected {ore part per handred miliion). To minimize
any doturbances that might affect the expenments
during crystalization, they nocmally were conducted

w hile the commonants were sleeping. In additon. the
Salyut-6 engines were always shut ofT during the
cypenmen

The substanoes used in the experiments were alumi-
num and tangsten. moly bdenum and potassium, cop-
per amd indium. indium and antimeny. molybdenem
and gallium. and aluminum and magnesium. All differ
greatly in specific weights and do not form alloys
readily on Earth. Additionally, semicoaductor anyvstals
werr grown in the Splay furmace. The technical value
of semiconductor crystals depends on their degree of
purity and structural homogeneity. Theorctically. un-
der the conditions of weightiessness, very homegenscus




.zndpurcsumwodmntalhgsan be pradeoed. The
scmpoooductor cnstals imduded bamath astimunnde,
tead tellunde, aod 2 cxmhimtoe of mreeny, ode
cuam. and tellan=s:. The menun Ccadminm - ted-
lermum crystals formed the fin: three-compuncnt alhoy
cver producad in axace. Segmincanth., 2l of the
semnuaductors ased are at prosent the best imrwn
mnfrared detectors. The mihtary appincrtions of
infrared detoctons rang > from theroal g SO nees
10 semsors oa kranch-detaction or carby-warmng ek
lites. The resalts of these aperiments shoeld rever? 1o
the Soviets if it s feasible 1o prodoce crysaais of
sufTacient punty in spece. If 5o, they peobably will
devedop a provess that will produce semcondactons in
suffrient quantities for limited mlitary applications.

A jnnt Soviet-Czech axperiment, Moraxa, 2bko was
waducted with the Splay dectrofurnace 1 make
semmvaductors for passible use in optical ehectronics.

Cmchnmpﬁcsofsihuandknddﬁridcsnndom :

and kad chiorides were mcited in the furmece, and
covked. The resattant cnystaks xere returped to Eanh
for comparsea with cnsaks grewn on Earth. The
crystals grown in spaoe were expected to have high
clectr-vptcal propertics.and to be unAJue in purity.

Space-Suit Assemblies )

Romanenko and Grechko used 2 new. sermungd Eva
sait for the firsg ume in space. This pressare sait
coasrsts of 2 ngxd metal chest plate, 2 belmet. and a
backpack life-sapport system (see figure 9). Its slecves
and trousers are soft. The suit has laces and @n be
adjusted to fit individual oxsmonauts, nlike provivus
models, the suit s entered through a clam-shedl hatch
in the back. A cosmoraut car dress himself without
assistance in 2 few minutes. It is 2ko more reliable,
since it does not kave external pocumatic and hydmu-
lic lines connecting the backpack to the pressure suit.
Furthermore, the controls are cavenmently located on
the metal chest plate. Mobility of the arms and ks s
facilitated by the use of convoluted ounts, sealed metal
Jotnts with ball bearings, and soft hinges

The csmomant 2ad the xat’s QOMPUOCALS 21C PO
tocted from the cxtreme tomperatures of space by
atarmal Liyers of vacuurn-shackded beas sesabitun,
Onvypen s proswded by a chrad repenerating sy sicm
TRt mxuntaies 3 sct pressure tapprouimich 0.4
Amasphere), st veatihitnn, amd the raguired compo-
satmow of air for braatking by remaving carboe drovde
and wmpuritics froen the air '

The sait’s thermoregelation 333LCTN QOIS O
s3ter-vvoked overaibs axated with hrghly chistac san-
thetx: rebber into which Retible tubes are moven.
Water fills these tabes w0 that the vveralls 2ct moch
like a radiater. The meralk are worn uver the
Qumonant's anderwear and resg tightly against the
body. Water circrhiting in the soit is avoled in 2 beat
exchanger w hich removes budy heat and ejects it into
space. Thrs method provides 2 much greater beat-
reyection capability than that of provious suits, w hich

. wsed 2 ventihating gas 1o remove beat. The asmonant
“Qan adjust the degree of beat removai by reyakating the -

amuant of warer passing throagh the heat owhanyger,
thus aliowing some of comfoet 1o be maintaimed
throaghout its o

Electrical powes to the suiths provided by 2 cable

linking the suit 1o power supplics va the stativa. Power
is needed for the pemps. and for the ammesion of the
VORT Communi:atives and blomedical tdcmctr_\'.

Another suit used by all of the Sabut-6 cxmomurs
was the Chibes kower-body negative-pesssure suit
carmed 1o the stativa on kxard Progress-1. This suit
was designed for use within the station only. to help the
Qsmomils maiatyin 2 higher degree of muscle and
ctrculatory functivas. It coasists of a tmuser-like
garment made of crimped elastic material, with a ven
tight waist and an attached top. When air is cvacuated
from the trousers, a negative pressure s created in the
lower part of the body. This cruses blood to be forced
down toward the kegs. and simulates gravitational

© conditions on Earth. Several days before deorbit, the

crew exertised with this suit for one 2nd 1 half hours
daily. Dunng these exercises, the cardiovascular sys-
ems of the Crew members were monitored by telem-
etry. If the blood flow was tov strong. the cosmonauts
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bocame dizzy. A comparison of the distribution of

biood with and withcat the suit enabies Soviet physi-
aans to jodge bow wdl the cosmonants are adjusting
10 werghtless conditions and to trace the physiobogical

To {urther simulate terrestrial conditions the cosmo-
magts wore 2 “penguin” sait virtually throughout the
entire workday. These saits are hroed with rubber
strands which exert foroes oo the yanous mascle

grwvsoflbcb-uatrunili:-

Futare Tremds and Developments

Onu 2 November 1978.lhcsomnd:ahtphm_coflbc
Salyut-6 mission was compicted. This phase incloded
vsts by three manned Soyuz spacecrafi and three
unmanned Progress resupply vehices. We believe that
Salyut-6, with resupply visits, kas the capability to
remain in orbit and be manned for at keast five years.
To date, four intermatom! crews have participated in
the Satyut-6 missions. Cosmonauts from scven addi-
toaal corntriecs—Cabx, Romanix, Moagolia, Han-
gary. Bulgaria, Victmam. and France—are or will be
mvolved in sicidar training at the cosmoaaut training
center at Star City, which e = last 12-18 mouths. We
cxpect costnomarts from these countrics 1o participate
in future Salyut-6 miss

Salyut-6 will coatinne 10 be used as a platform for
conducting scientific and technical experiments, and
for furtber developing space technokogy. The experi-
ments concerned with processing space materiaks
conducted during the first and future phases of
Salyut-6 will emabic the Soviets to determine the
fexsibility of establishing space factories. We expect
increased use and development of Eva capabilitics for
external maintenance, space rescue techniques and,
ultimately, the construction of large streciures in
space. Biomedical mezitoring and experiments will
<oaunee at a high tevel 1o acquire more data on the
cffects of weightlessness on man. The cesults will be
used to improve equipment and conditions affecting
the health, safety, and comfz¢t of future cosmonauts
on missions of loag duratioa. Although Salyut-6 is
primarily a scientific space station, we sxpect that
additional military functions, such as lav nch-detection
cxperiments, will be perfs
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Frgure 1. dvisevar Rasmomn iz, Vo
Vorer-ndat, Mosaow, March 1978

Frgure 2. dviarsiva 1 Kasmomntrie. Na 6,
Vorsemadat, Mosoos, Same 1973,

Frgure 3. viatsire r Kosmomnnika. Na =
Vonemedat, Moscow_ Jaby 1973,

Figure 3. Aviativa 1 Kosmomnnida, Vo <
Vosemndat, Moscow. Joiv 1978,

Frgure 6. Tekamia Mocodezhs, Na 4 Indated smvo
T3K VLKSM “Mokndaya Grardiva™, Moscow, June
197 :

Figure 8. {nratsiva i Kasmonnnika, Na,
Vosenindat, Mosoow, Jaby 19780 - -

Figure 9 Nauka i Tekhmka: TSKKP Laovii, Rigas
Juby 1973, -
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